Humus profiles were sampled under the crown of a mature oak tree in a coppice with standards (Senart forest, 30 km south of Paris). The sampling design compared the composition of humus profiles at three distances of the trunk base (40, 140 and 240 cm) and in the four cardinal directions. An increase in the development of the OF layer (strongly decayed litter and faeces of epigeic fauna) was observed at 40 cm from the trunk base, paralleling an increase in soil titratable acidity. Since no significant change in litter composition occurred with distance to the trunk base and in the absence of stemflow reaching the ground during showers, diffusion of bark tannins from buried parts of the trunk and main lateral roots was suspected to negatively influence soil biological activity, particularly earthworm activity. 
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INTRODUCTION
Soil acidification and litter accumulation in the vicinity of tree trunk bases have been recorded frequently since the pioneer work of Zinke [50] . Unfortunately, some controversy still exists about the possible causes of this widely observed phenomenon. Stemflow, i.e. water running down along branches and stem, has been often considered to explain acidification of the stemflow area under beech [17, 18, 19, 15, 8, 16] , more especially in polluted countries [49, 48, 24, 21, 43] . Changes in litter quantity and quality under the canopy of trees have been also evoked, more especially the role of bark deposition [50, 26, 19] . Compared to Beech, Sessile Oak [Quercus petraea (Mattus.) Liebl.] produces little stemflow, less than 1% of incident rain near Paris [28] , a little more (1.8%) in more rainy countries [13] , compared to 13% under beech [24] . In a previous study in the Senart forest (30 km south of Paris), the acidification of the soil near the trunk base of sessile oak was repeatedly shown to occur in the absence of measurable stemflow [1] .
Biological consequences of soil acidification near tree trunk bases can be studied by recording changes in plant, animal and microbial communities [9, 27, 14, 49, 48, 24, 15, 21, 23, 43] or biological processes [8, 22] . An alternative method is the analysis of biological traits by morphological assessment, using structural components of humus profiles (plant debris, animal faeces, roots, mineral particles) and the succession of horizons created by their accumulation as parameters describing the activity of soil organisms. A morphological method using the observation of small volumes of litter and soil has been devised, allowing qualitative [31, 32, 33, 34, 35, 36] , thereafter quantitative analysis [7, 6, 3, 4] of the transformation of organic and mineral matter by fauna and microbes and the development of the root system, i.e. the development of humus profiles [37] . A multivariate method has been applied to such data, allowing a synthetic view of a population of humus profiles [38, 30] .
The same micormorphological methods have been applied to a composite sample taken under the canopy of a single oak tree, belonging to the population already studied by Beniamino et al. [1] . Our aim was to detect possible changes in litter composition and soil biological activity which could explain or could be ascribed to the acidification pattern described by these authors.
MATERIAL AND METHODS
The study site was a coppice with standards located in the South-West part of the Senart forest (30 km South of Paris). Standards were mature sessile oak individuals 100 to 200 years-old, the height of which ranged from 20 to 30m. Coppice was composed of Hornbeam (Carpinus betulus L.) or Lime (Tilia cordata Mill.) according to site conditions. Soils were luvisols according to FAO-UNESCO classification [45] . They had a loam to clay-loam texture, with silica stones of glacifluvial origin [12] .
The selected tree was a sessile oak individual, which was tree number 24 in Beniamino et al. [1] . Under the canopy of this tree the mean particle size distribution of the <2mm fraction was 25% clay, 39% silt and 36% sand. Humus form was of the mull type, with a prominent earthworm activity.
Measurement of soil acidity and litter accumulation had been done two years previously by Beniamino et al. [1] . Humus profiles were sampled at the same places, i.e. at three distances of the trunk base (40, 140 and 240cm) and according to the four cardinal directions (N, W, S, E), thus a total of 12 plots was sampled.
At each plot a humus block 5x5x5cm was carefully excavated according to the method devised by Ponge [31] . Layers (0.5 to 2cm thick) were separated according to changes in their composition which were visible to the naked eye, and were classified into OL, OF or A horizons [11] . They were preserved in ethanol then transported to the laboratory for further study. Fortyeight samples were thus collected. At the time of humus component analysis each layer was gently spread into a Petri dish filled with ethanol, then a 400 points grid was positioned over the studied material. This method, devised by Bernier & Ponge [5] , allows measurement of the volume percentage of matrix components, visible at the x40 magnification of a dissecting microscope. The precision was given by the number of counting points, here 0.25%. Sixty-nine categories were identified (Table 1) .
Data (percentage of occurrence of a given category in a given sample) were subjected to correspondence analysis, a multivariate method using the chi-square distance [20] . This method was improved according to Ponge & Delhaye [40] , i.e. the different variables were standardized by equalling their mean to 20 and their standard deviation to 1. Thus coordinates along factorial axes (first eigen vectors) are proportional to their contribution to the axes. The farther a point is from the origin of an axis, the more it contributes to this axis. The different categories were the active variables. The nature of the corresponding horizon (OL, OF, A), the distance to the trunk base, the orientation and the depth at which the sample was taken were put as passive variables, i.e. they were projected on the factorial axes as if they had been involved in the analysis, without contributing to the axes. This allowed significant trends according to the influence of the distance to the tree trunk, the orientation or the depth level to be discerned by the analysis.
Further analyses were done by pooling categories and averaging percentages of occurrence of bulk categories over different depth classes. This allowed use of analysis of variance, after checking homoscedasticity of the data and gaussian distribution of the residuals, by crossing the distance to the trunk base with the orientation in a 2-way ANOVA without replication [44] , followed by a Student-Newman-Keuls test procedure (SNK) in order to delineate homogeneous groups.
RESULTS
Axes 1 and 2 of correspondence analysis extracted 15 and 9% of total variance, respectively. Other axes displayed only ground noise or isolated single samples, thus they were not accounted for. The projection of the 69 categories and the three horizons (OL, OF, A) in the plane of the first two factorial axes (Fig. 1) revealed the existence of three groups of humus components, corresponding to the three horizons present. Table 1 No changes in the composition of horizons according to orientation and distance to the trunk base were displayed by the analysis but the particular development of the OF horizon at 40 cm from the trunk base became clearly apparent when depth indicators were put as additional (passive) variables (Fig. 2) . When following the composition of a mean profile from surface (Ocm) to deeper layers (4cm), then a distinct shift towards OF categories appeared at 2cm depth in samples taken at 40cm from the trunk base. At farther distances to the trunk base the humus profile passed directly from an OL to an A horizon. This could be due to a change either in litter composition or in soil biological activity. The first explanation could be ruled out since the composition of the OL horizon (0 to 1 cm depth) did not display marked changes with distance to the trunk base.
When visualizing changes in the composition of the humus profile in relation to depth at 40 ( Fig. 3) , 140 (Fig. 4) and 240cm from the trunk base (Fig. 5 ), some detailed trends appeared which had been synthetically summarized by correspondence analysis. The percentage of hemorganic faeces increased more sharply from O-1cm to 3-4cm depth at 140 and 240cm of the trunk base than at 40cm, where this percentage remained always less than 30%, in place of 50% or more at farther diatance. While the percentage of recalcitrant litter (bark, wood, cupules, scales) increased then decreased abruptly along the studied profile at 140 and 240cm from the trunk base, it increased from 0-1cm to 1-2cm depth then remained unchanged at 40cm distance, indicating a decrease in the capacity of soil animals to transform it into faecal pellets.
The percentage of mineral material increased sharply from 2-3cm to 3-4cm depth at 140 and 240cm of the trunk, while it remained negligible even at 3-4cm depth at 40cm distance from the trunk base. Another trait was the presence of a weak but noticeable amount of moss material at 40cm distance only.
Analysis of variance of bulk categories (Table 2 ) revealed a significant decrease in the mean percentage of OF categories (over the whole studied profile) from 40 to 140cm distance to the trunk base. When data from a previous study [1] were analysed in the same way, a similar decrease was observed in the amount of OF horizon per unit surface, paralleled by a decrease in titratable acidity at pH 7. No significant effect of orientation was detected.
DISCUSSION
The single oak tree which was studied here (N° 24) can be considered as representative of the population analysed by Beniamino et al. [1] . In particular it expressed well the trend of acidification near the trunk base which had been demonstrated on the whole population (30 individuals). Despite the absence of marked changes in the composition of litter a decrease in the transformation of recalcitrant litter was observed in the vicinity of the trunk.
This can be interpreted as a decrease in decomposer activity, most notably in earthworm activity. These animals are known to be one the main agents of litter disappearance [46] and building of mull humus forms [4] , due to their capacity to ingest and mix a large amount of organic and mineral matter [25] . As a consequence of this decrease in the recycling of litter an accumulation of organic matter appears at the base of the tree, in the form of an increase in the thickness of the OF horizon. This can be interpreted as an imbalance between the input of litter and the capacity of earthworms to process it, which could be caused by i) an increase in litter production, ii) a decrease in earthworm activity, iii) both processes occurring together. Since an increase in litter production can be discarded on the basis of previous investigations on the same site [1] , then only a possible decrease in earthworm activity remains.
Several reasons support the idea of a repellent effect of the tree trunk base towards earthworms. Bark, which is present at the surface of trunk bases and large roots, has a high tannin content [10, 47] . Even though most bark tannins are insoluble, some of them may diffuse into the soil solution, as shown by dipping bark pieces in deionized water [1] , the subsequent solution being repellent to earthworms [42] . The acidification of the soil caused by the chelation of alkaline metals by bark tannins [19, 29] may also repel earthworms [41] . In the absence or scarcity of stemflow the increase in titratable acidity in the vicinity of the tree trunk can nevertheless be both a cause and a consequence of the observed accumulation of humified organic matter, both processes reinforcing themselves in a positive feed-back loop [39] . The acidifying influence of moss, which was only present in the vicinity of the trunk base, cannot be discarded either [2] , even though only a small amount of moss material was present in the humus profile, without accumulation (Fig. 3) . Fig. 1 . Correspondence analysis crossing 69 categories (humus components) and 48 samples.
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Projection of the active variables (categories, coded as in Table 1 ) and three aditional variables (horizon names). Projection of aditional variables (horizon names as in Fig. 1 and depth indicators) . 
